In a number of cases~ the blood-filled part of the artery had collapsed, presumably because of leakage; the wall was creased longitudinally, with practically no lumen left. A narrow strand of dense connective tissue, sometimes containing a large longitudinal blood vessel, occupied the limited central space, and regenerating nerve fibers had not been able to penetrate it.
In cases in which the lumen had remained wide open, nerve regeneration across the gap had proceeded satisfactorily for varying distances, but then been impeded by islands of heavily fibrosed or areolar tissue. As already noted in previous similar experiments, 17 the orientation of the cellular strands and nerve fiber bundles was remarkably straight.
On the basis of earlier experiments, 1~ we thought that the formation of fibrous blocks could perhaps be prevented by increasing the fibrinolytic potency of the initial clot through the admixture of large masses of leukocytes, taken from the buffy coat (stratum between red cells and plasma) of centrifuged homologous blood.
TUBULATED BLOOD BRIDGES IN THE CAT
In five cats (F7-11), pieces were cut out from the tibial or peroneal nerves in midthigh, leaving the stumps after retraction separated by gaps of 20, 18, 10, ~8 and ~5 mm., i.e., fifteen to thirty times as long as the width of the nerves. The ends were introduced into a matching segment of carotid artery, which was then filled with the modified blood. Except for cat Fll, in which one nerve end was found at autopsy to have slipped out, the operations and subsequent recovery histories were satisfactory. Brief case descriptions follow.
Cat FT. Gap in tibial nerve, ~0 ram. long, bridged with carotid artery (kept refrigerated in Ringer's solution for 3 days), filled with blood plasma and erythrocytes from centrifuged heparinized blood in a volume ratio of ~ : 1 and an added amount of buffy coat.
At 58 days p.op., the gastrocnemius was well palpable, but active function was doubtful. Active plantar flexion was definitely present at 105 days p.op.; it was still subnormal in strength at ~0~ days, but well recovered after one year; even then, the animal, digitigrade for most of the time, would occasionally relapse into a few plantigrade steps.
At biopsy (393 days p.op.), the artery was found to have narrowed so as to cause a "bottleneck" with consequent bulbous enlargement of the proximal stump; 9 there was no distal swelling. The muscle weights were ~7.8 gin. for the tibial group, and 8.3 gm. for the peroneal group. Since the opposite leg had been subjected to another operation, it could not be used as control for muscle weights. But the weight ratio of 3.35 between tibial (reinnerrated) and peroneal (undisturbed) muscles in the experimental leg is approximately the same as that of normal legs, hence indicates full weight recovery of the reinnervated muscles.
Microscopic examination: The nerve in the area of the former gap has a characteristic pattern, differing from that observed after regeneration over short gaps, s but even more strikingly from that noted in gaps filled with scar tissue. It differs from the former in that it is less well oriented and contains more connective tissue, but its constitution is much nearer that of normal nerve than would ever be obtained in ordinary scar tissue. The regenerated nerve fibers are grouped into large bundles which are separated by partitions of connective tissue thicker than regular perineuria. The general direction of these bundles is longitudinal, but not straight; they interweave and give the nerve a braided appearance. Fig. 1 shows a longitudinal section through this region. The most significant difference between this type of regeneration and that in ordinary scars is that the nerve fibers are assembled into well organized strands with plenty of rather liquid (light colored in Fig. 1 ) spaces for tile expansion and addition of new fibers, and that the connective tissue runs parallel to, and in between, the channels, instead of forming solid blocks across. The transition between this new bridge tissue and the old nerve stumps is continuous and smooth. Only at the transition to the distal stump, the tissue assumes a denser consistency, with collagen deposits inside the nerve bundles. The distal stump itself was well filled with regenerated fibers, and sample cross sections (osmic acid) at various levels down to the ankle reveal abundant reinnervation and good myelinization. Fiber sizes in these distal nerve samples, however, were subnormal, with the majority of fibers measuring less than 8#, a fair number up to 5g, and only a few between 5 and 7/~. This deficit is evidently a result of the compression to which the fibers are subjected in the more compact fibrotic zone just mentioned, since lack of space for expansion anywhere along the course of a nerve fiber prevents the whole farther distal portion from growing in width. TM Cat F8. Gap in tibial nerve, 18 mm. long, bridged with kitten aorta filled with local blood. It was attempted to add some buffy layer to the clotting blood through a side branch of the aorta, but upon withdrawing of the pipette most of it spilled back, so that the gap filling in this case consisted essentially of unmodified blood. At 8 weeks p.op., signs of recovery appeared as feeble plantar extensions and palpable gastrocnemius contractions. Five weeks later, the animal died.
Autopsy: The nerve lay in a very smooth bed with no major adhesions. Upon slitting the sleeve longitudinally, a smooth cylindrical nerve segment was found to have formed over the former gap. No demarkation could be seen between this new segment and the former stumps. The weight of the calf muscles was still only 40 per cent of that of the control side, three months being too short a time for complete recovery.
Histological examination: Nerve fiber regeneration of normal density, oriented essentially longitudinally, in bundles braided as described in the preceding case. Some endoneurial fibrosis, which had affected the diameter, but not the number, of the regenerated fibers. The distal stump was well neurotized.
Cat Fg. Gap in peroneal nerve, 10 ram. long, bridged with coeliac artery of kitten, filled with whole blood and buffy coat from heparinized kitten blood; sleeve sealed to epineurium of stumps by diathermic electrocoagulation. Eight weeks p.op., toe spreading and withdrawal dorsiflexion had reappeared and kept steadily improving in strength. Biopsy after one year showed moderate adhesions and slight bulbous enlargement of the nerve indicative of a too tight sleeve. Muscle weight was fully recovered (weights of the combined peroneus and tibialis anticus muscles: 11.4 gin. on the experimental, 11.3 on the control side).
Histological examination: Full volume of fiber regeneration with little weaving and fairly straight longitudinal orientation (Fig. 2) . Only a trace of fibrosis near entrance to distal stump; the latter fully neurotized. The superiority of this case over the two previous ones in regard to straightness of the fiber course can be correlated with the shortness of the original gap (10 ram.).
Cat FIO. Gap in peroneal nerve, e8 ram. long, bridged with kitten carotid filled with a mixture of plasma and erythrocytes from heparinized centrifuged kitten blood in a ratio of 1:4, with additions of buffy layer. A tantalum wire loop, threaded through the nerve stumps for holding purposes, was removed 8 days p.op. At that time, the artery appeared somewhat flattened. At 10 weeks p.op., dorsiflexion was definite, toe spreading indicated. At 19 weeks p.op., when the animal was sacrificed, function was recovered, though still somewhat weaker than on the control side.
Autopsy: Distal two thirds of the sleeve appear partly collapsed. Weight of dorsiflexor muscles (peroneus and tibialis anticus: 5.65 on experimental side, 7.95 on control side, i.e., only 71 per cent weight recovery.
Histological examination: Longitudinal folds of sleeve are evidence of the partial collapse mentioned above; however, unlike the more severe cases of collapsed sleeves described in earlier reports,S. 14 the lumen had remained sufficiently wide to accommodate copious nerve regeneration. The fibers are again grouped into small fascicles separated by fibrous partitions and slightly braided. But, on the whole, the fiber course is remarkably straight and unconfused ( These results prove that gaps of several centimeters can be successfully bridged if the nerve fibers are offered an oriented bed of blood with augmented liquefying potency, contained in a straight tube. The regenerated nerve contains large streams of fibers, not merely those insignificant trickles occasionally found in the scars between separated, but unbridged, stumps. Since there has been no appreciable decline in the volume of regenerated fibers over gaps of nearly 3 cm., there is no reason to doubt that regeneration would have continued over even greater distances. However, the technical difficulties, particularly the danger of collapse, would mount rapidly with increasing length of the free portion of the sleeve. It was mainly to meet these difficulties that we began to modify the method in the following manner.
TUBULATED BLOOD BRIDGES WITH FIBER CORES
Experiments carried out with peripheral nerve fragments in tissue culture have shown that Schwann cells tend to adhere to the surfaces of artificial fibers of glass or synthetic resins even when the latter are embedded in a clot of blood plasma. 13 The cells move out rapidly in tandem strands strictly aligned with the fiber axis. Since regenerating axons, in turn, tend to advance along Schwann cell strands, extension of these tissue culture experiments to problems of actual nerve repair suggested itself. We therefore supplemented the simple tubulation technique described above by including in the blood bridge large numbers of thin, parallel, longitudinally oriented artificial fibers of various kinds, for the double purpose of giving the link greater consistency and of giving the Schwann cells and axons oriented pathways leading straight from stump to stump.
EXPERIMENTS IN RATS
Most of the fibers used measured less than 0.03 mm. in diameter. They were of the same types as those used in the earlier tissue culture tests, '3 namely, glass wool (8# or ~6#), Nylon, textile rayon, cellulose acetate, and "Cordura" (tire rayon).* These fibers were combed into parallel strands, cut to proper length, and inserted into the lumen of a somewhat longer sleeve of artery mounted on a special stand and filled with Ringer's solution. The fibers were dispersed by gentle manipulation, and the Ringer's solution was then gradually replaced by whole blood. After this had firmly clotted, the whole preparation was used much as if it were a nerve graft. A segment was excised from the peroneal nerve so as to leave a gap of ca. 10 ram., and the two stumps were inserted in the usual manner into the open ends of the arterial sleeve until they met the fiber-blood core. No further means of attachment were used.
The ~4 animals included in this series were sacrificed between 7 and 77 days p.op. Our main purpose was to study the microscopic picture; all bridges except those containing glass fibers could be sectioned, as the fibers either dissolved or softened during the histological treatment. No motor recovery had occurred, and stimulation of the distal stumps at autopsy gave no evidence of sensory fiber regeneration. Functionally, these cases were complete failures. Microscopic examination revealed the reason, which was a purely technical one.
The artificial fiber core had failed to form an intimate union with at least one, and often both, stumps. It was separated from them by a small, but distinct, cavity filled with liquid. As neither spindle cells nor nerve fibers cross liquid gaps, no organic junction had been effected. The explanation of this non-union lies in the relative rigidity of the fiber core. As the blood menstruum in the sleeve became dissolved, the fibers were forced closer together into a rather stiff bundle, which then acted as a mechanical unit. While the arterial sleeve was elastic, the fiber core was not. The movements of the animal, therefore, caused continual slight displacements between the fiber bundle and the nerve stumps, and any incipient tissue links were thus constantly ruptured before they had a chance to become consolidated. The inset could thus become firmly attached to one stump or the other, but not to both.
In those cases in which the graft had become firmly fused with the proxi-* The fiber samples were obtained through the courtesy of Dr. M. M. Brubaker of the Experimental Station of E. I. duPont de Nemours and Company. real stump, it was invaded by regenerating nerve fibers in various ways and degrees. When the filaments of the core were too tightly packed, no tissue penetrated between them. When spaced more loosely, the interstices became invaded by a tissue composed of blood cells, mesenchyme, Sehwann cells, nerve fibers and serous spaces, in varying ratios. Textile rayon evoked in all cases a strong foreign body reaction with small-cell infiltration, liquid exudates, and poor growth of organized tissue. Nylon, cellulose acetate and "Cordura," on the other hand, were much better tolerated. There was little or no liquefaction, and the regenerating tissue adhered firmly to the fiber surfaces. The cells and axons followed strictly longitudinal courses, not only where they were in direct contact with the guide fibers, but also in the intervening meshes. In some cases, the interior of the fiber bundle had remained devoid of cells, while there was ample growth in the more superficial layers, and these~ in turn, were surrounded by a layer of pure regenerated nerve tissue, which filled the space between the fiber core and the wall of the sleeve. Similar observations were made in the eat experiments and will be reported below.
Even apart from the technical defects, nerve regeneration in this series cannot be rated as superior to that observed in rats with tubulated blood gaps without fiber cores.
EXPERIMENTS IN CATS

A. Unattached fiber cores
This series followed the same general plan as the previous one in rats, except that only glass fibers were used as cores, and collagen tubes, instead of arteries, for sleeves. These tubes, spun from fibers of dissolved and reprecipitated bovine collagen by a process developed at the Massachusetts Institute of Technology under the direction of Dr. F. O. Schmitt, were prepared for our nerve repair work according to our specifications. Both tanned and untanned tubes were available. The former are relatively unelastic produce some slight tissue reaction, but persist for long periods without change, while the latter are highly elastic, but rather rapidly resorbed. We have made comparative studies on the relative merits of the various collagen sleeves in ordinary nerve splicing experiments, but have been unable to reach final conclusions because of the great number of variables involved (variability of the preparations, animals, operative incidents, etc.). For the present experiments, we used plain untanned collagen because of its greater elasticity.
In six of the seven animals of this series, the sleeve was filled with whole blood, in the seventh with gelatin. Gaps in the peroneal or tibial nerves of from 10 to ~0 mm. were bridged in this manner; the animals were biopsied between 11 and 31 weeks p.op.
Five of these cases were complete failures, again for technical reasons. As in the corresponding rat series, the rigid compacted glass fiber bundle had become attached to one of the stumps only. Moreover, the collagen tubes underwent resorption at a time when their content would still have needed protection against loss of liquid and ingrowth of fibrous tissue.
In two other cases, a tenuous union had been established between the insert and both stumps, and this tissue bridge then acted as a foundation for the gradual building up by further regeneration along its sides of a goodsized nerve. In one of these cases (gap of 1~ mm. in tibial nerve), plantar extension had returned after 15 weeks, and at biopsy (16 weeks p.op.), electric stimulation of the proximal tibial nerve produced vigorous contraction of the plantar flexors; the weight of the latter was only 15 per cent below that of the controls from the opposite side. The proximal two thirds of the glass core were intimately interwoven with the substance of the nerve, but the distal third came to the surface and protruded at an acute angle. In the other case, in which a gap of 17 mm. in the peroneal nerve had been bridged, toe spreading and dorsiflexion had reappeared 1~ weeks p.op. Biopsy revealed a well organized cylindrical nerve segment that had formed across the gap and from which the glass core bulged laterally. Electric stimulation of the proximal peroneal produced toe spreading and dorsiflexion of medium strength, and sensory responses could be evoked by stimulation of the nerve 1~5 mm. distal to the original lesion. Histological examination of the distal stump in the lower leg showed abundant neurotization.
These two cases prove that the method as such may lead to good results, provided the bridge has effected a firm primary union with both stumps. Once this has happened and the outgrowing tissue has formed a straight oriented connection between the stumps, the glass bridge can gradually be dispensed with. Its protrusion from the repaired nerve is apparently due to secondary elimination. It remains undecided, however, whether the addition of a fiber core in these cases was of any real advantage; a direct comparison with the coreless tubulated blood bridge described above is not possible, because in the present series unmodified whole blood was used, which is not an optimal medium.
B. Attached fiber cores
The simplest way to avoid the hazards encountered in the preceding series and to secure a firm union between stumps and bridge is to sew the fiber strands directly through the stumps. This has the double advantage of bringing the regenerating tissue into intimate contact with the guide fibers and of linking stumps and fiber bridge into a continuous chain, but has the disadvantage of disrupting the architecture of the nerve stumps at the suture points. It developed that the advantages overbalance the disadvantages. Of several procedures tried, the following proved most sarisfactory (Fig. 4) .
Synthetic resin fibers are combed out and a few hundred of them are threaded as a single strand through a wide-eyed straight needle. The needle is thrust through the side of the proximal stump (P), several ram. above the gap, and then guided along the axis of the nerve until it emerges in the center of the proximal cut, as shown in Fig. 4A . A collagen sleeve (S) of proper dimensions is slipped over the distal stump (D) and gathered so as to leave the nerve end free. After connecting the two nerve stumps by a single suture thread (E; Fig. 4B ), fastened to the edges of the respective epineuria under some tension, the needle with the fiber cable is threaded through the center of the distal stump for about 1 cm. and finally brought out laterally, as shown in Fig. 4B ; the fiber cable is then cut at both ends flush with the wall of the nerve. The holding suture (E) is then removed, allowing the nerve ends to retract slightly. This makes the ends of the cable slip into the center of the nerve and also tends to straighten the fascicles of the distal stump which have been pushed back by the friction of tile cable when it was first drawn through. Next, a semicylindrical trough (G), fashioned from annealed tantalum foil u to fit the dimensions of the nerve, is placed under the gap, as shown in Fig. 4C taken from one of the local veins and dripped into the trough from a pipette. Excess blood flows off, but a clot soon begins to form along the fibers. After the whole content of the trough has firmly clotted, tile trough is removed, leaving a blood segment (B; Fig. 4D ) intercalated between the stumps. The collagen sleeve (S) is then pulled over the region (Fig. 4E) . A description of three cases foIlows.
Cat F41. Peroneal gap of ~1 mm. bridged with "Cordura" fibers (l~tz diameter) in tubulated blood clot. Sacrificed after ~0 weeks. Toe spreading and dorsiflexion were very well restored. Biopsy revealed a smooth cylindrical nerve (Fig. 5) with two slight bulbous swellings in the proximal stump, one (A) at the level where the cable had been drawn across the fascicles, and the other (B) just proximal to the entrance of the collagen tube, which evidently had been fitted too tightly. Electrical stimulation proved that no nerve fibers had escaped, and there were only minor adhesions. Sensory responses could be elicited from the distal stump at a distance of 180 ram. from the level of the lesion, which is as far as the nerve could be dissected free. The dorsiflexors had recovered to 84 per cent of the weight of their opposite controls.
Histological examination (Fig. 6) : The "Cordura" fibers lay excentrically in the newly formed nerve segment. A moderate foreign body reaction with small-cell infiltration is noticeable. Some regenerated tissue, consisting of fibrocytes, Schwann cells and some axons was present between the fibers, but it was relatively small in amount. In contrast, nerve regeneration around this fiber bundle, and particularly to one side, was as abundant as after end-toend suture. It differs from that in coreless blood clots by the straightness of the fiber course (Fig. 7) and the absence of braiding and of fibrotic partitions and islands.
Cat F42. Peroneal gap of ~8 mm. bridged with "Cordura" cable in tubulated blood clot. Sacrificed ~0 weeks p.op. Toe spreading and dorsiflexion had recovered to nearly full strength; the dorsiflexors had returned to 87 per cent of the weight of the controls. Biopsy revealed moderate adhesions between the sheath of the new nerve segment and its surroundings, but upon dissection of the sheath a perfectly smooth cylindrical regenerated nerve appeared in the interior.
Histological examination: The filaments had remained more widely spaced than in the preceding case. Here and there strands of dense fibrous tissue with strictly longitudinal orientation separated the large and equally well oriented fascicles of nerve fibers. There was no trace of transverse fibrosis.
Cat F43. Peroneal gap of 19 mm. bridged with cable of Nylon fibers in blood clot in sleeve of frozen and thawed artery. Sacrificed 30 weeks p.op., when no functional recovery was noticed. Biopsy revealed that the distal nerve stump had slipped from the sleeve, the free end of which had then collapsed. The whole length of the sleeve up to that point, however, was filled with regenerated nerve.
Histological examination: Excellent straight nerve fiber regeneration in full volume has occurred along and between the Nylon filaments. Most of the latter are coated by thin endothelioid cell sheaths, but otherwise there has been no cellular reaction. There is no evidence of fibrosis. The histological picture leaves no doubt that if the distal stump had not pulled out by accident functional recovery would have been as good as after gapless nerve reunion.
In all three cases with fiber cables, the architecture of the nerve stumps was considerably disorganized at the points of suture, resulting in the formation of small local neuromas. But since these regions are continuous with the much less disturbed end segments of the stumps, where the cable runs parallel to the nerve axis, the effect on regeneration is no more serious than in an ordinary lesion "in continuity."
COMMENT
The reported experiments demonstrate the feasibility of bridging nerve gaps twenty to thirty times as long as the diameter of the nerve by methods other than nerve grafts. All techniques here described as more or less successful have two features in common: (1) the use of a connecting bridge be- tween the stumps to serve indirectly as a trellis for the regenerating nerve tissue, and (~) the enclosure of this bridge, for reasons of orientation, consistency and protection, in an elastic tube. Let us consider these two provisions separately.
(1) The medium between the stumps must be so chosen as (a) to facilitate physically the permeation and resettlement of the gap with true nerve elements (Schwann cells, axons, etc.) of the distribution and orientation of typical nerve, and (b) not to impede chemically the regeneration process, either through toxic substances or by destroying physical guide structures indispensable for regeneration. The physical prerequisites referred to in (a) include (a) the presence of oriented interfaces (guide structures) along wl~ich cells and axons can advance, and (fl) provisions for an adequate amount of liquid in the spaces between the guide structures. This liquid fulfills several functions: it enhances the association of nerve fibers into bundles ("faseieulation"); 7 it provides space needed for the expansion of the regenerating tissue, particularly the growth in width of the nerve fibers; 12 and t~ere are indications that it may also have an antifibrotie effect, since in our experience, there is a direct relation between compactness of the early union tissue and later fibrosis.
The bridges of coagulated blood described above satisfy both conditions (a) and (fl). The fibrin framework furnishes the guide structures, and enzymatic liquefaction of the clot provides for the liquid spaces. 16 However, the longitudinal orientation of the fibrin was evidently less strict, and the liquid less abundant, than was the ease in our earlier experiments with shorter gaps. Hence, the "braiding" of the nerve fibers, and with the use of whole blood, the greater incidence of fibrotie islands. It was in order to remedy the latter condition that we attempted to increase the liquid content of the union tissue by adding more leukoeytes as proteolytie agents to the original clot. The results indicate that this had the desired effect, but the number of eases is too small to be fully conclusive.
The introduction of fiber cables into the blood bridges was intended to insure a straighter course of regeneration across the gap and to give the bridge enough consistency to prevent the collapse of the sleeve. Both effects were attained. The numerous parallel filaments caused the regenerating tissue to assume a corresponding longitudinal orientation, with the result that nerve regeneration became straight instead of wavy. The detailed mechanism by which the parallel organization of the bridge tissue is effected remains to be determined. But the effect as such is clear. Quite unexpectedly, the fiber cables served another useful purpose by increasing the liquidity of the union tissue in the sense outlined before. Some types of these synthetic fibers gave rise to a mild foreign body reaction, and the proteolytic activity of the accumulating leukoeytes then produced automatically the effect achieved in the earlier series by the addition of buffy coat.
(~) Enclosure of the blood bridges in elastic tubes is necessary for a variety of reasons, most of which have been analytically discussed on pre-vious occasions s,12,16 and need not be repeated here in detail. Briefly, the sleeve makes it possible for the enclosed segment to form an oriented integral link between the nerve stumps and yet to retain morphological independence from the surroundings. The effects of the sleeve can best be appreciated by considering what would happen if the sleeve were omitted. Lacking insulation from the surroundings, the bridge would adhere to its bed all along the exposed surface, and the resulting disorganization of the stress pattern 12 would establish pathways both for the intrusion of fibrous tissue and for the dissipation of Schwann cells (glioma) and axons (neuroma). Moreover, the liquid referred to in point (1) would seep off, leaving the tissue in a state of progressive condensation. It should be pointed out that while adhesions between the outside of the sleeve and the wound bed are a common occurrence, the new nerve segment itself retains a smooth surface and slides freely within the sleeve--a fact noted particularly in the earlier observations with tantalum sleeves u,2~ and confirmed again in the present experiments.
The fact that sleeves also cut the regenerating segment off from outside sources of vascularization, has proved to be immaterial for the regeneration process under the given conditions. Blood supply is furnished entirely by vessels and capillaries sprouting from the stumps pari passu with the rest of the tissue. This supply is adequate. In this regard, blood gaps offer an advantage over live nerve grafts, which cannot maintain themselves unless promptly revascularized. As Tarlov and Epstein 6 have demonstrated, and as we have confirmed by in vitro experiments, 19 vascularization from the ends has to be supplemented by vascularization from the surface in order to permit a graft above a certain length to survive; sheathing of such grafts, therefore, impairs their viability. It should be noted, however, that such surface vascularization is needed for the preservation of the old tissue of the graft and not for the newly regenerating tissue of the nerve. Necrosis due to inadequate blood supply renders a graft useless and even harmful. However, neither frozen-dried grafts, nor the blood bridges of the present series need oxygen for their maintenance; they may, therefore, be left devoid of blood supply for prolonged periods without becoming "necrotic" blocks to regeneration. This explains why sheathing, though definitely contraindicated around live grafts, is wholly innocuous with the present technique.
The sleeve affects the regeneration process by a combination of interrelated factors, and to describe it as if it were a pipe line in a gross mechanical sense, is not just a simplified expression, but an outright misrepresentation. Consequently, the practice of lumping all techniques of nerve repair in which sleeves of one form or another are used into a common class "tubulation" is wholly arbitrary, and if used as a basis for judgement, scientifically unsound. Many methods described as "tubulation" or under similar names have nothing in common but the name. Therefore, the success of the "tubulation" method--if anyone should care to designate it as such--described in this article is in no way at variance with ~he patent failures of other "tubulation" methods. The idea of bridging nerve gaps by tubes, following the naive pipeline concept, is old. Except for the experiments of Kirk and Lewis, 2 which came close to the ones reported above, the results were bad, largely because either the material or the filling or the application of the tube was wrong. (For a detailed evaluation of these earlier attempts, see Weiss) 2) The idea of guide structures over a gap is likewise not new. Assaky 1 spanned gaps of several era. in sciatic nerves (four dogs and three rabbits) by a few catgut threads, which he left lying exposed in the wound bed. He observed heavy scarring, but nerve fibers had regenerated across the gap into the distal stump; how far, is not evident from his histological description. Although he reports functional recovery and response to electrical stimuli applied above the lesion, the fact that in two of the dogs, almost full "recovery" was present as early as 35 and 39 days after the operation, a time much too brief to allow for adequate sciatic regeneration even after end-to-end suture, makes the validity of his report somewhat questionable.
The clinical value of our present method remains to be explored. The animal experiments have revealed no features that would discourage a clinical test. Local veins could perhaps serve as source of sleeves.
SUMMARY
Experiments were carried out in a total of 31 rats and 15 cats to test tie practicability of bridging nerve gaps by cylindrical blood clots sheathed by sleeves of artery or collagen tubing. The gaps measured up to 3 cm. in length, i.e., thirty times the diameter of the nerve. In one series, the liquefying potency of the blood core was increased by the addition of large amounts of leukocytes (buffy coat). In other series, various types of fine artificial fibers (glass, Nylon, rayon, "Cordura") were embedded lengthwise in the blood core for purposes of consistency and orientation.
Aside from certain technical failures, excellent nerve regeneration was obtained in blood bridges without or with fiber cores; in the latter case only, if the fiber cables were firmly secured to both stumps. Functional recovery and histological appearance proved that in many cases the results were not appreciably inferior to those after end-to-end union.
